J 



Europaisches Patentamt 

European Patent Office 

- . . 0 Publication number: 0 121 740 B1 

Office europeen des brevets ^ 



© EUROPEAN PATENT SPECIFICATION 

© Date of publication of patent specification: 08.05.91 © Int. CI. 5 : COS J 3/12, B29B 9/00, 

//C08L23/06 

© Application number: 84102253.6 
© Date of filing: 02.03.84 



© Process for producing a blow molding resin. 



© Priority: 12.03.83 JP 40027/83 


cal Ind.Ltd. 


© Date of publication of application: 


Chiba Kojyo, 11-1, Goi Minamikaigan 


Ichihara-shi, Chiba-ken(JP) 


17.10.84 Bulletin 84/42 


Inventor: Nishijima, Ryoji, c/o Nissan Chemi- 




cal Ind.Ltd. 


© Publication of the grant of the patent: 


Chiba Kojyo, 11-1, Goi Minamikaigan 


08.05.91 Bulletin 91/19 


Ichihara-shi, Chiba-ken(JP) 




Inventor: Yoshino, Atsuhiko, c/o Nissan 


© Designated Contracting States: 


Chemical Ind.Ltd. 


BE DE FR GB IT 


Chiba Kojyo, 11-1, Goi Minamikaigan 




Ichihara-shi, Chiba-ken(JP) 


© References cited: 


Inventor: Kawashima, Takai, c/o Nissan 


DE-B-1 037115 


Chemical Ind.Ltd. 


FR-A- 2 181 994 


Chiba Kojyo, 11-1, Goi Minamikaigan 


GB-A- 901 148 


Ichihara-shi, Chiba-ken(JP) 


© Proprietor: NISSAN CHEMICAL INDUSTRIES 


© Representative: Wachtershauser, Gunter, Dr. 


LTD. 


3-7-1, Kanda Nishiki-cho 


Tal 29 


Chiyoda-ku Tokyo(JP) 


W-8000 Munchen 2(DE) 


Proprietor: Nissan Maruzen Polyethylene 




Company 




7-1, 3-chome, Kanda-Nishiki-cho 




Chiyoda-ku Tokyo(JP) 




© Inventor: Matsuo, Yoshiho, c/o Nissan Chemi- 





CQ 



rs 



O Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 

n j shall be filed in a written reasoned statement. It shall not be deemed to have been fifed until the opposition fee 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Bigness Sen/ices 



1 



EP 0 121 740 B1 



2 



Description 

The present invention relates to a process for 
producing a blow molding resin. More particularly, 
the present invention relates to a process for pro- 
ducing a blow molding resin having superior sur- 
face appearance and, processability from a high 
density polyethylene prepared by means of a 
Ziegler catalyst 

Heretofore, Ziegler-type catalysts have been 
developed to increase their catalytic activities in 
the production of a high density polyethylene and 
thereby to improve the economy of its production 
and the quality such as mechanical strength of the 
product. However, the improvement of the catalysts 
has been directed to narrow the molecular weight 
distribution of the high density polyethylene, which 
is not desirable as a blow molding resin. Under the 
circumstances, there have been a number of pro- 
posals for improvements. 

For example, as an improvement of the reac- 
tion process, a two-stage polymerization or a three- 
stage polymerization has been used to broaden the 
molecular weight distribution. However, the poly- 
ethylene product thereby obtained does not nec- 
essarily satisfy the requirements for blow molding. 
Namely, while being superior in its mechanical 
strength, the blow molding resin obtained by the 
two-stage polymerization by means of highly active 
Ziegler catalysts had drawbacks such that the trim- 
ming of flashes formed by the blow molding was 
so difficult that automatic molding operation was 
not properly carried out, or the shearing heat gen- 
erated during the molding operation was so great 
that the surface appearance of the molded product 
tended to be inferior. Accordingly, such a multi- 
stage polymerization does not by itself provide an 
ultimate improvement for the blow molding. 

Further, it has been proposed to modify the 
molecular chain by a thermal oxidation method and 
thereby to complement the deficiency of the mold- 
ing. Namely, a linear polyethylene is melted at a 
temperature within a range of from 160 to 280 *C 
and molecular oxygen is blown into it to modify the 
polyethylene to the one having a branched struc- 
ture (BASF, Japanese Examined Patent Publication 
No. 6976/1962 claiming a priority date of March 9, 
1960 in West Germany, (DE-C-1161 024 and GB-A 
-901148). In this treatment, oxygen is supplied to a 
mixing and kneading apparatus for a predeter- 
mined period of time, whereby the average molec- 
ular weight will be reduced and the density will be 
considerably lowered to obtain a modified polyeth- 
ylene which is soft and elastic. However, this meth- 
od is essentially directed to the modification of the 
polyethylene and accordingly the properties of the 
original product will thereby be impaired to a large 
extent. 



Furthermore, a method has been proposed in 
which a polyethylene is dissolved in an inert or- 
ganic solvent and oxygen is introduced into the 
solution (BASF, Japanese Examined Patent Pub- 
5 lication No. 17661/ 1962 claiming priority dates of 
July 31, 1959 and September 9, 1959 in West 
Germany). According to this method, a high molec- 
ular weight resin once produced with use of a 
highly active catalyst will be modified to have a low 

10 molecular weight to adapt it for subsequent blow 
molding. This method is characterized by the treat- 
ment of the polyethylene in the presence of an 
inert organic solvent such as an aliphatic, 
cycloaliphatic or aromatic hydrocarbon at a tem- 

15 perature of from 70 to 200 *C for from 15 to 200 
minutes. This involves procedural complications in- 
cluding various restrictions in the step of adding 
the solvent and the step of removing and purifying 
the solvent or in the manner of adding oxygen in 

20 the presence of the solvent Depending upon the 
solvent chosen to be used, the entire process will 
have to be conducted under elevated pressure. 

Further, it has been proposed to modify a 
usual polyolefin by decomposing it at a tempera- 

25 ture within a range of the temperature at which its 
thermal decomposition takes place and its melting 
point, under a strong shearing force of the pel- 
letizer (BASF, Japanese Examined Patent Publica- 
tion No. 12376/1965 claiming priority dates of Au- 

30 gust 31, 1962 and February 23, 1963 in West 
Germany). This method relies heavily on the me- 
chanical means and accordingly requires critical 
conditions in terms of the structure of the screw of 
the pelletizer and its operation. Further, the 

35 polyolefin thereby obtained has a low average mo- 
lecular weight and a narrow molecular weight dis- 
tribution, and accordingly it is not suitable as a 
resin for blow molding although it has a superior 
property for spinning. 

40 As a result of an extensive research of the 
conventional processes with an aim to overcome 
the above-mentioned difficulties, it has been un- 
expectedly found that a resin for blow molding 
having excellent moldability and surface appear- 

45 ance can readily be obtained by pelletizing a high 
density polyethylene produced by means of a high- 
ly active Ziegler catalyst, at a temperature of at 
least 230 *C in the presence of air or oxygen 
without changing the average molecular weight and 

so the molecular weight distribution. 

Namely, the present invention provides a pro- 
cess for producing a blow molding resin from a 
high density polyethylene prepared by means of a 
highly active Ziegler catalyst, characterized in that 

55 after a previous addition of at most 0.1 phr of an 
antioxidant said resin is pelletized under pelletizing 
conditions which do not change the average molec- 
ular weight and the molecular weight distribution at 
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a temperature of 230 to 280 ° C and under a hopper 
atmosphere with an oxygen concentration of from 
0.5 to 21 % by volume. 

Now the present invention will be described in 
detail. 

The polyethylene to be used in the present 
invention may be any polyethylene produced by a 
highly active Ziegler catalyst (PE 10 kg/gTi or 
more) including the one obtained by a multi-stage 
polymerization. 

The temperature must be at least 230* C. If the 
temperature is less than 230 ° C, no distinctive im- 
provement is obtainable. 

The oxygen required as the atmosphere may 
not necessarily be molecular oxygen and in some 
cases atmospheric air will suffice. The oxygen con- 
centration in the atmosphere during the pelletizing 
is at least 0.5% by volume. The greater the oxygen 
concentration is, the greater the effectiveness be- 
comes. It is most economical and practical to use a 
mixture of air and an inert gas as the oxygen 
source, and the oxygen concentration is from 0.5 to 
21% by volume. 

At most 0.1 phr of an antioxidant is added 
during the pelletizing, The antioxidant which may 
be used in the present invention, may be any 
antioxidant which is commonly used for preventing 
oxidation of polyethylene resins. There may be 
mentioned, for instance, phenol type antioxidants 
such as 2,6-di-tert-butyl-4-methyl phenol 
(commonly called BHT), octadecyl-j8-(3,5-di-tert- 
butyl-4-hydroxyphenyl)-propionate (trade name Ir- 
ganox® 1076), Pentaerythrityl-tetraxis [3-(3,5-di- 
tert-butyl-4-hydroxyphenyl)]propionate (trade name 
Irganox® 1 01 0), 4,4-butylidene-bis(6-tert-butyi-3- 
methyl-phenol) or 1,1,3-tris (5-tert-butyl-4-hydroxy- 
2-methyi-phenyl)butane and thiopropionate antiox- 
idants such as dilauryl-thiodipropionate (commonly 
called DLTDP) or di-stearyl-thiodipropionate. The 
antioxidants are added in an amount within a range 
of not more than 0.1 phr. The amount of the 
addition of the antioxidants is determined depend- 
ing upon the temperature and the oxygen con- 
centration during the pelletizing. 

It has been found that when the resin tempera- 
ture is within a range of from 230 to 280 °C, the 
desired effectiveness can be obtained with an addi- 
tion of the antioxidants in an amount of at most 0.1 
phr. Further, it has been found that when other 
conditions are met, good blow molding resins can 
be obtained even when no antioxidant is added. 

Heretofore, it has been considered that the 
process of this type inevitably leads to a change of 
the average molecular weight and the molecular 
weight distribution of the polyethylene. Therefore, it 
is a quite unexpected discovery that according to 
the process of the present invention, no substantial 
change in the molecular weight distribution is ob- 



served as measured by G.P.C. (gel permeation 
chromatography). In general, the modification of 
polyethylene is determined by the change of the 
number average molecular weight and the molecu- 
5 lar weight distribution and the reduction of the 
density. No such a change or reduction is ob- 
served by the pelletizing under the conditions 
specified in the present invention. 

The effectiveness of the present invention is 

10 evident when compared with the resin pelletized in 
a nitrogen atmosphere which is commonly used in 
the conventional processes. A blow molding resin 
obtained by pelletizing a high density polyethylene 
powder produced by means of a highly active 

75 Ziegler catalyst, in a usual nitrogen atmosphere, is 
inferior in its flowability during the blow molding, 
whereby the extrusion rate under the same molding 
conditions tends to be low. In order to avoid this 
problem , it will be necessary to raise the resin 

20 temperature at the time of blow molding or to 
increase the screw revolution, whereby the cost of 
the energy required for the molding will be high 
and the resin temperature during the molding will 
inevitably be high. Further, the surface appearance 

25 of the molded products will not always be satisfac- 
tory and in many cases it will have a sharkskin and 
streaks along the flowing direction. 

Whereas, it has been found that all of these 
deficiencies inherent to the blow molding resins 

30 produced with use of highly active Ziegler catalyst, 
can simultaneously be overcome by application of 
the process of the present invention. Namely, when 
a high density polyethylene powder prepared in the 
same manner is pelletized under the conditions 

35 specified by the present invention, the flowability of 
the resin at the time of blow molding will be im- 
proved. Further, the shearing heat generated by 
the screw at the time of blow molding will be 
reduced and the die head pressure and the motor 

40 current will also be reduced, whereby the economy 
for the blow molding can be improved. Further, it 
has been found that the surface appearance of the 
molded product will be improved to a large extent. 
Now, the present invention will be described in 

45 further detail with reference to Examples. 



Pelletizing: 

so The pelletizer used in Examples is designed 
such that a polyethylene powder purged with a 
nitrogen atmosphere is introduced into a hopper of 
the pelletizer while an atmospheric gas adjusted to 
have a proper oxygen concentration with air and 

55 nitrogen gas, is introduced from a lower part of the 
hopper. The powder exposed to the above at- 
mosphere is fed to the screw of the pelletizer, 
whereby it is pelletized. The temperature within the 
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pelletizer was adjusted so that the resin tempera- 
ture extruded from the die was from 230 to 280 * C. 

In the attached Table, the antioxidants are 
identified by the following numbers. 

1) Irganox® 1076 

2) DLTDP 

3) BHT 

Various properties of the pelletized sample 
were measured by the following methods. 

The number average molecular weight and the 
molecular weight distribution were measured in 
1 ,2,4-trichlorobenzene as a solvent at 135*C by 
means of Model-150 C-type GPC manufactured by 
Waters Associates Ltd. 

The density was measured by D method of J IS 
K7112 "Methods for Determining the Density and 
Specific Gravity of Plastics" with respect to a test 
piece prepared in accordance with JIS K6760 
"Testing Methods of Polyethylene". 



Blow molding: 

The blow molding was conducted under the 
following conditions. 

The blow molding machine used was TPF-505 
Model manufactured by Tahara Shoyei Engineering 
Co., Ltd., and the molding operation was conducted 
under the following conditions: 
Predetermined temperature 
170° C 

Extrusion rate 
20 kg/h 
Molding cycle 
15 seconds 
Molded product 
a bottle of 650 ml 

Under these conditions, the extrusion rate, the 
die head pressure and the resin temperature were 
monitored. 

The raised temperature is defined by the fol- 
lowing formula: 

Raised temperature = resin temperature - pre- 
determined temperature (170°) 

The surface appearance of the molded pro- 
ducts was determined by observation with naked 
eyes in accordance with the following standards: 
Excellent: Extremely good with a fine shark- 
skin without streaks. 
Good: The sharkskin is slightly rough, 

but no streaks were observed. 
Bad: No good with a rough sharkskin 

and streaks. 

Further, the flash-removal property was deter- 
mined by hands in accordance with the following 
standards: 

Excellent: Readily removable 

Good: Slightly hard 



Bad: Hardly removable 



EXAMPLE 1 : Effect of the addition of oxygen (Test 
5 Nos. 1 to 4 and 13) 

The effect of the oxygen concentration was 
investigated under such conditions that the resin 
temperature during the pelletizing was 230 °C and 

w no antioxidant was added. 

At the oxygen concentration of 0.5% by vol- 
ume, there is an indication of improvement. This 
effect is distinct when the oxygen concentration 
reaches 1% by volume and becomes more effec- 

75 tive at the concentration of 21% by volume. Name- 
ly, with the increase of the oxygen concentration, 
the extrusion rate increases, die head pressure 
decreases and the raised temperature decreases. 
Further, the surface appearance and the flash-re- 

20 moval property become better. Further, the number 
average molecular weight, the molecular weight 
distribution and the density of the samples of Test 
Nos. 1 to 4 were identical with those of the sam- 
ples of Test No. 13 within the measuring errors. 

25 

EXAMPLE 2: The effect of the resin temperature 
during the pelletizing (Test Nos. 3, 5, 6 and 15) 

30 in Test Nos. 3, 6 and 15, the effect of the resin 
temperature during the pelletizing was investigated 
under such conditions that the oxygen concentra- 
tion was 10% by volume and no antioxidant was 
added. 

35 At the resin temperature within a range of from 
230 to 280 °C, the effects for improvments are 
distinct. Further, the surface appearance and the 
flash-removal property of the molded products 
were excellent. Namely, for the resins which have 

40 been pelletized at a temperature above 230* C, the 
extrusion rate increases, the die head pressure 
decreases and the raised temperature decreases, 
at the time of blow molding. Further, the number 
average molecular weight, the molecular weight 

45 distribution and the density of the pelletized sam- 
ples produced at a temperature of from 230 to 
280 6 C were quite well in agreement with those of 
the sample of Test No. 15. Further, from the com- 
parison of Test Nos. 5 and 6, it is evident that even 

so when the pelletizing was conducted at the same 
resin temperature, the blow molding property sub- 
stantially differs depending upon the oxygen con- 
centration. 

55 

EXAMPLE 3: Effect of the addition of antioxidants 
(Test Nos. 6 to 12 and 14) 
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The effect of the amount of the addition of the 
antioxiadant was investigated under such condi- 
tions that the resin temperature during the pel- 
letizing was within a range of from 230 to 280° C. 
In this case, the effect for improvement is distinct s 
within a range of the amount of the addition of the 
antioxidant being from 0 to 0.10 phr. Namely, with 
a decrease of the amount of the antioxidant , the 
extrusion rate increases and the die head pressure 
decreases. The smaller the amount of the addition w 
of the antioxidant is, the better the surface appear- 
ance and the flash-removal property of the molded 
product become. Further, the number average mo- 
lecular weight, the molecular weight distribution 
and the density of the samples of Test Nos. 6 to 12 75 
and 14 were quite well in agreement with one 
another within a range of measuring errors. 

Further, as is evident from Test Nos. 7 to 11, 
even when the kind of the antioxidant is changed to 
Irganox® 1076, DLTDP or BHT, satisfactory mol- 20 
ded products are obtainable so long as the amount 
of the antioxidant is not more than 0.10 phr. How- 
ever, as shown by Test No. 14, it is not desirable 
to increase the amount of the antioxidant beyond 
this range i.e. 0.15 phr. Thus, from these results, it 25 
is evident that the upper limit of the amount of the 
addition of the antioxidant is 0.10 phr. Further, in 
Test No. 12, the processability for blow molding 
and properties of the sample were unsatisfactory 
since the peiletizing was conducted in the absence 30 
of oxygen although the resin temperature and the 
amount of the antioxidant were within a ranges 
specified in the present invention. 
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Claims 

1. A process for producing a blow molding resin 
from a high density polyethylene prepared by 
means of a highly active Ziegler catalyst, char- 
acterized in that after a previous addition of at 
most 0.1 phr of an antioxidant said resin is 
pelletized under pelletizing conditions which do 
not change the average molecular weight and 
the molecular weight distribution at a tempera- 
ture of 230 to 280 °C and under a hopper 
atmosphere with an oxygen concentration 'of 
from 0.5 to 21 % by vofume. 



Revendications 

1. Procede de fabrication d'une resine 
d'extrusion-soufflage a partir d'un polyethylene 
haute ditsite-prepare a ('aide d'un catalyseur 
de Ziegler h activite elevee, caracterize par le 
fait qu'apres une addition prealable d'au plus 
0,1 pour cent d'un anti-oxydant, ladite resine 
est transformed en pastilles dans des condi- 
tions de pastillage qui ne modifient pas la 
masse mol£culaire moyenne, et la distribution 
des masses moleculaires, a une temperature 
de 230 a 280° C et sous, une atmosphere de 
trSmie ayant une concentration en oxygene 
allant de 0,5 a,21 % en volume. 



Anspriiche 

1. Verfahren zur Herstellung eines Harzes fur 
Blasformzwecke aus einem Polyethylen hoher 
Dichte, das mittels eines hochaktiven Ziegler- 
Katalysators hergestellt wurde, dadurch ge- 
kennzeichnet, da/3 nach einer vorherigen Zuga- 
be von hochstens 0,1 phr eines Antioxidants 
das Harz pelletisiert wird unter Pelletisierbedin- 
gungen, weiche das durchschnittliche Moleku- 
largewicht und die Molekulargewichtsverteilung 
nicht andern, bei einer Temperatur von 230 bis 
280 °C und unter einer EinfUlItrichterAtmo- 
sphare mit einer Sauerstoffkonzentration von 
0,5 bis 21 Vol .-%. 
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